Kinetin and CaCi2, in the presence of indoleacetic acid, promoted lateral expansion of epicotyls of decapitated and derooted Alaska pea seedlings (Pisum sativum L.) and inhibited their elongation. This growth response was correlated with the development of cell walls unusually rich in pectic uronic acids. Epicotyls in calcium-auxin solutions continued to enlarge and to add new wall material long after tissues in auxin only had stopped. Longitudinal enlargement, associated with the development of walls poor in pectic uronic acids, was favored by KCI, MgCI2, and ethylenediaminetetraacetate. The last of these agents promoted the loss of "5Ca from the epicotyls. Seedlings grown in vermiculite moistened with CaCl2, KCI, or MgCI2 solutions did not differ in appearance or in the composition of their walls. They responded similarly to experimental treatment except that the decapitated epicotyls of the MgC12-grown plants suffered an absolute loss of pectic uronate when incubated in that salt.
Pea epicotyls enlarge excessively in the transverse direction in response to ethylene (14) , benzimidazole (8) , kinetin (9) , benzyladenine (3) , supraoptimal levels of IAA (22) , sucrose (16) , Ca2+ (24) , and a group of less well studied compounds related to ethylene or found in mixtures such as smoke (10) . Probine (15) , Veen (26), and Apelbaum and Burg (1) have suggested that swelling of the pea epicotyl is a consequence of the development of a wall deficient in transversely orientated microfibrils. Datko and Maclachlan (7) link swelling induced in pea epicotyls by supraoptimal concentrations of IAA to the development of high cellulase activity. Swelling caused by ethylene in the same tissue is not correlated with an increase in cellulase activity according to Ridge and Osborne (19) .
In a study of the turnover of cell wall constituents in pea stems it was found that Ca'+ inhibits the breakdown of pectic substances (12) . More recently we observed a strong promotion of swelling by Ca2' in decapitated pea epicotyls with cotyledons attached. In view of these observations it appeared desirable to determine whether absolute changes in the composition of the wall, particularly in pectic substances, are associated with the swelling.
MATERIALS AND METHODS
Dry Alaska pea seeds (Pisum sativum L.) were sowed on a layer of expanded vermiculite in a plastic pan, covered with a layer of vermiculite, and moistened with deionized water. The pan was covered with a glass plate and placed in the dark at 21 ± 1 C. When the seedlings were 4 days old, roots and epicotyl hooks of the seedlings were removed. A felt pen containing water-insoluble black ink was used to mark the epicotyls at 5, 7, 10, or 15 mm below the apex of the decapitated shoot. Several brands of such pens were used with no apparent injury to the seedling in any case. These operations and subsequent ones involved in setting up the experiment were done in ordinary laboratory light.
Pyrex baking pans 40 x 23 X 5 cm containing 700 ml of experimental solution were used. The decapitated seedlings were supported upside down on a rack made of glass rods by their cotyledons with the apical 10 mm of each epicotyl in the experimental solution. Wet laboratory tissue paper covered the cotyledons, and the Pyrex pan was covered by a glass plate. Forty to 50 seedlings were used for each experimental treatment. During the experimental period of 24 hr the pans were kept in darkness at 21 + 1 C.
For each experiment a representative sample of 40 or 50 plants cut and marked as indicated was collected prior to the start of the experiment to provide beginning values for the wall constituents and dimensions of the stem sgments. This sample is designated "initial" in the tables. It was harvested as described below. At the end of the experimental period the marked stem segments were excised, their lengths were measured, and the fresh weight of the combined segments comprising each sample were determined. No effort was made to measure stem diameters directly. As a measure of transverse enlargement the tables include values designated "index of swelling." This equals the change in fresh weight relative to the initial weight divided by the change in length relative to the initial length. The epicotyl segments were covered with water and frozen for later analysis.
For the`Ca2+ study, dry pea seeds were soaked for 8 hr in a "Ca'+ solution having 15 yc of activity. The volume of solution chosen was such that all of it was imbibed by the seeds. The seeds germinated and grew in vermiculite under the conditions described above. The seedlings were trimmed and placed in the experimental Pyrex baking pans as described for the other experiments. At the end of the experiment, half of each experimental solution was dried down, and the residue was taken up in 2 ml of water (weakly acidified with HCI). One-half milliliter of this solution was transferred to a planchet and dried down, and its activity was measured in a scintillation spectrometer.
Cell wall material was isolated by a method based on one described by Bean and Ordin (2) . Frozen sections were placed in a cold mortar and ground in cold water as they thawed. The ground sample was filtered through Miracloth and washed thoroughly with cold water followed by cold 99% ethanol. These operations were performed in a room held at about 4 C. The ethanol-washed wall material was (4) .
RESULTS
For a number of years the mixture of polysaccharides extracted from the cell wall by weak acids has been designated "6pectic substances." Some current usage and that followed here limit application of this term to polymers of the weak acid extract made up primarily of galacturonic acid residues. Rees (18) estimated that defined in this restricted fashion the pectic substances generally contain 70 to 80% of D-galacturonic acid. Applying the lower figure to the results of this study and assuming further that the galacturonic acid content of the polysaccharide does not change with age, one finds that pectic substances constitute 20% (sample 9, Table II almost equaled that for the control, but the change in fresh weight was less. Swelling at the end of the experiment was less in the EDTA-treated epicotyls than in the controls. Some of the EDTA-treated epicotyls had the translucent appearance commonly associated with the presence of liquid in the intercellular spaces. Even though the sections were all turgid, this effect suggests that they suffered some injury. Of particular interest in this experiment was the absolute loss in pectic uronic acid seen in the EDTA-treated epicotyls. When KCI was added to the EDTA solution, the levels of pectic uronate fell even lower. Addition of IAA to the solution did not mitigate these effects. Absolute losses of pectic uronate material in enlarging pea epicotyl section were reported earlier (11, 12) .
In Table III it is shown that EDTA effected the release of 4"Ca2`from decapitated epicotyls. In EGTA1 there was also a release of "5Ca, although this agent was less effective. Since kinetin is known to induce swelling in pea epicotyls (8) , it seemed desirable to describe its effects on the composition of the cell wall. Kinetin at 10 JLM in the presence of IAA had an effect on the enlargement of the pea epicotyl much like that of Ca'+ (Table VI) . Kinetin alone neither appreciably inhibited elongation nor promoted lateral expansion of the epicotyl. Effects of K+ on the shape of the epicotyl and on weak acidextractable materials and pectic uronate were reversed by kinetin. Effects of kinetin were roughly additive with reference to the swelling response and the level of weak acid-extractable materials. There appear to be no significant trends involving the residue. In the presence of Ca"+ and IAA, kinetin promoted the development of a wall high in hemicellulosic uronic acid.
A second experiment with kinetin this time with KCI and MgCl2 is reported in Table VII. The K+ salt was used at 10 mm in treatments 2, 3, and 4 and at 2 mm in treatment 5. The Mg2+ salt was used at 2 mm only. With K+ at the higher concentration there was an absolute loss of pectic uronic acid. This effect of K+ was mitigated by IAA. When kinetin was added to the KCI and IAA, there was a large gain in pectic uronic acid and total weak acid-extractable materials. The epicotyls suffered a larger absolute loss of pectic uronic acid in MgCI2 alone than they did in KCI. The Mg2+ effect was not reversed by IAA, but it was reversed by kinetin. All experimental treatments that resulted in absolute losses of pectic uronic acid permitted increases in total weak acid-extractable materials. As in previous experiments, hemicellulosic uronic acids were highest in epicotyl segments treated with MgC12.
DISCUSSION
Swelling of decapitated pea epicotyls is correlated with the maintenance of walls rich in pectic uronic acids. Treatments Roelofsen (21) suggested that, in a tubular cell, tension acting transversely to the long axis of the cell maintains the microfibrils of the inner layers of the wall in a transverse orientation. Tension adequate to this task can develop only if the wall is sufficiently anisotropic. As the cell enlarges, according to Roelofsen, the inner layers are covered with newly synthesized, anisotropic wall material which takes over the maintenance of the tubular shape of the cell. Microfibrils of the older layers now reorient, assuming first a random orientation then a longitudinal orientation. Reorientation according to this concept is due to a decline in the transverse stress in these wall layers relative to the longitudinal stress.
This argument appears applicable to the cell walls of pea stem epicotyls that swell in response to benzimidazole, ethylene, kinetin, and supraoptimal levels of IAA. Because of the high proportion of pectic substances in such walls, the ratio of transverse stress to longitudinal stress is relatively low, and the transverse tension that develops is not large enough to keep the microfibrils of the inner part of the wall oriented transversely. Presumably these events also occur in epicotyls that swell in response to Ca'+.
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